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(54) Equipment management system

(57) An equipment management system for use
with weapon systems on submarines. Such

systems involve large numbars of equipment
items which require repair, replacement, updating

etc in circumstances which may not be conducive
to accurate log-keeping of the 'build' state of the
system. The invention provides an integrated
monitoring system in which each item is provided
with a unique bar code which can be read by a
hand held scanner while the item is in situ or in
store. A portable computer keeps files, Fig. 3, of
the complete inventory, the build state of the
particular installation, and the equipment

can be issued as a print-out or Smart-card
content on returning to port, to give the complete
up to date equipment situation.
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Equipment Management System

This invention relates to an equipment management system
and particularly to one for use in circumstances where the '
operational environment is at least at times out of touch for all
practical purpbses with its supply and maintenance base. Such
circumstances arise in the operation of ships and submarines away
from their base stations.

Modern submarines incorporate extremely complex equipment
which is required to be maintained and updated to a minimum standard
specified by the Design Authority. The difficulty of maintaining
this standard in operational conditions, particularly on active
service, and keeping track of the current ‘build state' as it is
called (i.e. the content, identity, status and location of the
equipment fncorporated) is an enormous task which may easily get out
of hand in difficult operation circumstances.

The Design Standard may be and is frequently defined in a

- Record Index. By structuring the design in a family tree format and

identifying each family tree item as a serialised Record Index item,
the design is broken down into a series of more easily manageable
units. Unfortunately, the design of equipment is constantly being



changed 1n order to:

(a) eliminate defects

(b) improve performance

(c) meet new criteria (requirements) and

(d) cater for obsolescence.

Introduction of these changes at the design stage is
readily achievable by application of well-recongnised control
procedures which ensure their introduction into future production.
However, problems can occur when the changes need to be embodied into
already delivered hardware remote from the manufacturer's site. They
concern the provision to the Design Authority of assurance that the
equipment build state is maintained as near as is practicable to the
highest achievable build standard.

As an exahple of such a case the difficulty of managing the
in-service build-state of a submarine weapon system may be
considered. The problems experienced are in three areas -

(a) establishing the actual build state

(b) recording the movements of replaceable parts

both shore-to-boat-to-shore and within the
_ weapon system on-board.

{c) Ensuring Weapon System effectiveness by

' control of the build state. - :

The deficiences in the above three areas in conventional
systems are Tisted below.

Build State Recording

Labels not visible on hardware.

Modifications embodied inaccurately recorded on the
modification labels. v

No available recall of build state on-board.

No control of build state to a Minimum Build Standard
requirement.

Necessitates expensive physical data gathering (known as
“Fingerprinting") to determine build state.

'Fingerprinting’ requires removal of items to ascertain
build state. »

Retest required.




'Fingerprinting, is only effectively managed at submarine
overhaul periods. .
Material Movement Recording

i.e., completion of a Material State Form for each movement
or defect of an item.

Heavy paperwork functon at a time when operational
requirements have priority.

Not always recorded for each movement.

~ Data incomplete on many Material State Forms.

-Not used by dockyards.

Slow feedback of data.

Manually intensive with negligible system support.
Weapon System Configuration Management

Not possible to maintain control of build state.

System build state and hence effectively may be degraded.

Slow feedback of data hence slow corrective action for
build state degradation.

Use of old pre-implementation spares not effectively
controlled. )

Periodic re-fingerprinting expensive.‘

According to the present invention, an equipment management
system, for use in an operational environment independent of a2 supply
and maintenance base, comprises a unique machine-readable code,
jdentifying and physically associated with each respective item of
equipment, computer means for storing a 1ist of identity codes of all
said items of equipment with indications of status and Tocation, the
status fncluding indications of whether in use or spare and whether
effective or defective, and the computer means being adapted to
provide a listing of operative equipment, spare equipment and
defective equipment.

, The machine-readable code is preferably a bar code which
represents, in addition to a unique serial number, information as to
the system with which the item of equipment is associated.

The computer means may be accessible by the bar code,
either as read by a portable scanner, or as input from a keyboard.
The keyboard can be used to access further information required to be
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stored, such as status and locations of ftems of equipment, into the
computer.

A system in accordance with the invention enables the
difficulties 1isted above to be overcome by means of a database
system of inter-active files on the basis that each 1tem of equipment
as recorded is uniquely identified by a bar coded serial number (BCN)
which 1s associated with other information required to be accessed,
as indicated below.

' The invention will be further explained by way of example
with reference to Figures 1 to 8 of the accompanying drawings, which
represent one particular system in accordance with the invention.

_ The hardware example considered is an in-service equipment
in which the design of replaceable items is controlled by a Master
Record Index (MRI), the item type.is identified by a NATO Stock

No. (NSN) and its movement or report of failure is recorded for
assessment/investigation by external authority on a Material State
Report. ‘

Referring to the drawings, Figure 1 shows that in this
particular application the system, which will be referred to as the
ABC (Automated Build-State Control) system, comprises a‘semi-portable
personal computer PC and recording to BCN data is to be achieved
remote from sources of mains electricity using a bar-code scanner BCS
coupled with a hand held computer PO, (the psion organiser).

Referring to Figure 2, the ABC system uses a 12 character
alpha-numeric bar code with each character defined as in the list
below. The bar code symbology to be used is Code 3 of 9 as specified
in MIL-STD-1189A. Each character may be one of 10 digits or one
of 26 letters - thus each character has 36 possibilities.

Character No. Definition

1 * Start - indicates beginning of coded sequence.
2 Project/System - up to 36 projects may be defined.
3 Sub-System/Design Authority - up to 36 sub-systems

may be defined.
4, Submarine class.
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Character No. Definition

5 to 11 Unique serial number of each item within a
sub-system/Design Authority's area. The seven
digits give a limit of 107 tems.

12 Stop - indicates end of coded sequence and check
sum. ‘ .

The above character definitions have been developed for a
particular Weapon System. There are 36 variations per character and
up to 12 characters giving 4.7 x 1018 individual bar-code numbers as
a finite limit.

The number of characters and the bar-code symbology 1s
adjustable for other particular applications.

System Structure

As mentoned above, the ABC system is based on 3
jnter-active computer files. The contents of each file and the
capabi]itieé of the system are listed below. ‘
Master Inventory File ' )

This file as shown on Figure 3 is loaded with a complete
11sting of all BCN items within the system or project equipment to be
controlled togethér with related design standard and build state data
per item (including the minimum acceptable build standard).

Build State File

This file is loaded with a family tree build structure
where each family tree slot has a BCN item fitted and the acceptable
design item (NATO Stock Number -NSN).

Material Movement File

(referred to by the standard Material State Report form $2022(S))

Within this file is a 1ist of all items (BCN) removed
during a pre-set period together with the BCN of each replacement
item. The file also contains storage of all Material State
Reports (S2022(S)) raised to cover the above changes of hardware.

The attached simplified system diagrams show the
relationships between the above files when used to support various
Build State control tasks.

Figures 4 and 5 are flow diagrams illustrating the entry of




original data, change data and the assembly of master inventory
discs;

Figure 6 is a flow diagram of the inputting of a bar code,
by scanner or keyboard and the accessing/display of the associated
data; , '

Figures 7(a), (b) and (c) are flow diagrams i1lustrating
the print-out of build statements; and

Figure 8 is a flow diagram of an on-board management
process or the change of location of equipment items.

Capabilities

By relating the data in the Master Inventory File to the
data in the Build State File the following reports are available:

(a) Full description of any item on-board by simply
feeding into the personal computer PC the BCN of the item.

(b) Full list of items in any part of the as-built
hardware system. . '

(c) Full list of ftems (structured to the family tree) in
the whole system or sub-system of hardware as-built.

By relating the Material Movement File to the other two
files the following outputs are achievable:

(a) An indication of any change of hardware.

(b) List of items in a sub-system or system showing
locations of all hardware changes during a pre-set period (including
the facility to show on the list of items how many times a
replacement item was required in a particular location).

(c) List of all defective items within the hardware
system. '

(d) Warnings to the operator should he attempt to fit the
wrong item or an item below the minimum acceptable build standard.

{e) List of all items in use below the minimum acceptable
build standard. ' ‘

(f) It is possible to further develop the system to
identify areas of pefformance degradation predicted as a result of
fitting replacement items of a build state lower than the minimum
acceptable build standard.

The ABC System in accordance with the invention thus offers

Ky



a means of monitoring the changes to hardware in the field. In the
case of electronic equipment forming part of the hardware, (d) or (f)
above could activate an inhibit switch and prevent the equipment from
being used until the correct item or correct standard of item is
fitted. , .
The solutions provided by the invention to the problems
highlighted above, are as illustrated below :- |

Existing Equipment ABC System
(a) Build state labels not A1l Bar-code labels will usually

visible. be visible ekcept those behind
o sealed bulkheads, but data
visibility will, in any case, be
available on the computer screen.

{b) Modifications not The Master Inventory File will be
maintained. maintained in parallel with any
changes to the hardware build
state. ‘
(¢) No central log of build On-board PC holds complete
state on-board. fingerprint of the weapon system
on-board.

(d) No control of build state MBS criteria pre-programmed into

to MBS. on-board PC.
{(Minimum Acceptable Build
Standard).
~ {e) Fingerprint requires A1l BCN visible in installed
removal and refit of items position therefore no requirement
to ascertain build state to remove and refit. Fingerprint
data. held on PC.



Existing Equipment ABC System

No removal of hardware for
fingerprint hence no retest

(f) Re-test required.

required.
(g) Fingerprint expensive - Cheap floppy disc output of

manual operation. complete system, sub-system or'
: part sub-system print-out from PC.

(h) Fingerprint only Fingerprint data available any
' manageable at refit or time from PC.
maintenance periods.

"In complex, electronic equipment containing a suftable
central processing unit (CPU) it {is possible to make use of the CPU
computer in place of the portable computer of the ABC system
described and couple the bar-code scanner directly to the CPU.

On accessing the system for build state recording the
output report may be provided on a floppy disc or applied to a
so-called Smart card, an active data storage ‘card’.

It will be appreciated that although the invention is aimed
primar11y at providing 1nformation regarding submarine equipment, it
may also be used to advantage in other vessels which may be away from
their base stations for prolonged periods.

ks



CLAIMS

1. An equipment management system for use in an operational
environment independent of a supply and maintenance base, the system
comprising a unique machine-readable code, identifying and physically
associjated with each respective item of equipment, computer means for
storing a 1ist of identity codes of all said items of equipment with -
indications of status and location, the status including indications
of whether in use or spare and whether effective or defective, and
said computer means being adapted to provide a 1isting of operative
equipment, spare equipment and defective equipment.

2. A system according to Claim 1, wherein said machine-readable
code is a bar code which represents, in addition to a unique serial
number, information as to the system with which the item of equipment
is associated. :

3. A system according to Claim 2 incorporat1ng a keyboard for
introducing information as to the status and location of the equipment
into the computer means.

4. A system according to Claim 3, wherein sa1d computer means
js accessible by said bar code, either as read by a portable scanner,
or as input from said keyboard. ‘

5. A system according to Claim 2, 3 or 4 wherein the computer

means comprises a semi-portable computer.

6. -A system according to any one of Claims 2 to 5 wherein the

bar code is a 12 character a]pha—numertc bar code.

7. " A system according to Claim 6 wherein each character is one
of 10 digits or one of 26 letters.

8. A system according to any preceding Claim incorporating,

within the computer store, a first file containing a 1isting of all
jtems of equipment, as a unique bar-coded serial number, with relevant
data thereon, a second file designed to contain details of locations

e ee e o s e e e . e e ma— - ———
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of the items, and a third file designed to contain details of any
changes to said items, and of any defects therein.

9. A system according to Claim 8 wherein the computer means is
programmed to compare the build-state of each said ftem with the
minimum acceptable build-state, and to provide an indication of any
jtem which is below the minimum acceptable build-state.

10. A system according to Claim 9 fncorporating for
electronically controlled equipment an inhibit switch operable to
prevent the functioning of the equipment, and the computer means is
programmed to generate a control signal for effecting the operation of
the inhibit switch in the event that the reading of the bar-code of an
installed ftem shows that an item of incorrect standard or an
incorrect item has been fitted to the equipment.

11. An equipment management system substantially as shown in,
and as hereinbfore described with reference to, Figures 1 to 8 of the
accompanying drawings. '

-
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